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OPfANIEMOZ BIOMHXANIKHZ lAIOKTHEIAZ 



AH1AHMA EYPESITEXNIA2 



Api6n. 1003569 



Exovtaq U7c6\(/T| : 

a) to dp8po 8 nap. 1 1 xou vojiov 1733/87 "Mexa<popd xexvoXoyicu;, ecpeupeoeit;, 
xexvoXoyiicr) Kaivoxo^na kcu aucxaari Ejrixpo7tf|<; Atohhct|<; Evepyeicu;" 

p) TTiv V7i' ap. 15928/EOA/1253 a7i6(paoT| xov Yjioupyou Bio^r|xavia<;, Evepyeiai; 
Kat TexvoXoyia<; "Kaxd9ear| aixr|ar|<; yia xoPHYI^I AwXa>|iaxo<; Eupeotxexvta<; f| 
niaronotriTiKOTj Y7io8eiy|iCtxo<; Xpr|oin6xr|xa<; axov OBI kcu xr|pr|Gr| PipXicov" 

y) xr|v cuxtioti rcou KazsQece o ev8ia(peponevo<; oxov O.B.I. oxi<; 07-03-2000 \ie 
api9nd 20000100073. 

Ajiov8jj.o\)(xe 

AutXcojaa Eupemxexvia<; \ie Oecoprmeva 6Xa xa Kaxd vofaov erciauvaTrroneva axexixd 
eyypacpa , oxou<; : 

1) ArATZINH-AEONAPAOY ETYAIANH (noaocxo 70%) 
BAATrNQN 76 

II 1 14 74 A0HNA 

2) AHMAKH AHMHTPA (ttooocto 30%) 
©EOTOKH 23 
146 63 AOHNA 

O A.E. 1003569 EINAI AIIIAftMA TPOnOIIOIHEHS LTO A.E. 1001555/31-05-91. 



ITAOI . " ME0OAOZ ANAKTHZHZ TOY NIKEAIOY KAI TOY KOBAATIOY 
!0 TA OZEIAfiMENA METAAAEYMATA TOY NIKEAIOY KAI TOY KOBAATIOY 
E THN TEXNIKH THZ EKXYAIIHZ IE ZQPOYI, XPHIlMOnOinNTAI AIAAYMA 
AIOY 0EIIKOY OZOZ nOY ITAPAIKEYAZETAI ME TH XPHZH 0AAAZZINOY 
POY, ZE 0EPMOKPAZIA nEPIBAAAONTOZ . " 

,i>EYPETEZ :1) ArATZINH-AEONAPAOY ZTYAIANH 2) AHMAKH AHiMHTPA 
E0NHZ TAHINOMHZH (INT.CL 7 ) : C22B 23/00, C22B 3/08. 



^Ai7tXa)(ja Eupeoixexyiag auio, laxuei nexP 1 ; 1-6-2011. 



OPrANlIMOI 
BK3MHXANIKHI 
IAJOKTHIIAI 





A6fiva 23 A^piXiou 2001 





Me8o8oc ccvttKTTigT)c Tou vikeIIqu kclx xou KoPaXxiou and xa o£ei5a)ti€va uExaXXeuuaxa xou 
vtKgXioi) kox xou KoBaXxiou as xnv XEwucn rnc ekyuXiotic a£ acopouc Yp^crmo7coia)VTac 
SidXuua aoaiou 9eiiKou oEeoc rcou JtapaaKEudCsxai \xz xn ypr\cr\ 9aXaaaivou vspou. ae 
GEpuoKpaaia 7cepiBdXAovxoc 

5 

H €(peOpeaT| ava<pepexai oxti XP 1 !^ 1 ! tov 9aXaaaivou vepou yia W rcapaycoyri xcov 
5iaXD|idtG)v EKx6Xiar|<; xou apaiou Geukou o^eoc; xa o7cola aTraixouvxai Kaxd xr|v e(pap|ioyf| 
xti<; u8po|aexaXXoupyiicrj<; |j.e068ou SKX\)'kiaT\q ae acopouq xcdv o^eiSco^ievcov jxexaXXeu^idxcov 

1 0 vikeMou kou KoPaXxioi) ^e apaio Oeuko o£6 as 0Ep|ioKpacria nspifi&Xkovxoq, \ie okotco xt|v 
E^aycoyr| xou vikeXiou kch xou KoPaA/riou jie xt| |nop<pf| u8axiKOU SiaXujaaxoq tcepiexovxoc; 
Kaxiovxa vikeMou Kai KoPaXxiou, Me xryv rcapouaa EcpEvpEcrq pEA.xubv£xai r] 
u6pon£xaXA.o\)pyiicrj |j,£0oSo<; ekxuXiot|<; ae acopouq yia xryv E^ayG&yfi xou vikeXiou Kai xou 
KoPaXxiov and xa (pxa>xd o^EiScojiEva |i,£xaXAeu|j.axa xou vuceXfou Kai xou KoPaXxiou 

15 xP T 1 ai J A ° 7roic ^ vta ? apaio OeiiKO o^u ae 0ep|iOKpaaia rcepipdAXovxoq, a6|i(pcova jxe xo 
Ai7iA.ce^a GR1001555. 

Bioixnxttv 1 **^ TO vikeAao E^dysxai (xtco o^Ei5a>|ieva |i£xaXXeu|Liaxd xou xoao p.e 
7tuponexaXA.oupyiK£<; (xf|^r|, rcpoq Ttapaycoyri matte vikeMou Kai xr\fyr\ 7rpo<; Trapaycayfi 
20 ai5r|poviK£^iou) oao Kai |i£ u8po[X£xaXXoupyiKE<; (ji£0o8oq Caron joe ajijicoviaKri ekx6Xiot| 
Kai |i£0o5oq Freeport Sulphur jie ekxuAaoti |ie 9euk6 o£u U7t6 7tt£ar|) |ie968ou<;. Sxt|v 
EXXdSa, xo vikeXio E^dyExai and xa o^£i5co(xeva nexaXXeujaaxd xou coq ai8t|poviKeXao, 
Xpr|aifi07uoid)vxa<; [iia TrupojiexaXXoupyiKfi |i£0oSo. 

25 Auaxu^ttx; o^icoq, oi 7t£piaa6x£p£<; arc'auxEq xiq jie06Sou<; Eivai EVEpyoPopEq, 

a7t£u0uvovxai oe rcJiouaia, axExucd, Koixdajiaxa vikeAiou (|ie 7iepi£KxiK6xT|xa ae vike^io 
jj,£yaXuxepr| and 0.95-1%) Kai xE0r|Kav a'scpapfioyfi a£ eno%£q Kaxd xi<; o7coie<; xo 7texpeXaio 
f|xav (p9r|v6 Kai maxeuoxav oxi yia koXv Kaipo aKO|j.a 9a a7toxeA,ouae <p0T|v6 Kauaifio. Exai, 
6X£q oi 7n)pojxexaAAoupYiK£q jae9o8oi Kai r) i>8po|i£xaXXoupYiKfi |i£9o8o<; Caron a7taixouv 

30 uyriA.f) KaxavdX.coan evEpyEiaq. H u8pon£xaXXoupYiicr| (^£9o8o<; Freeport Sulphur av Kai exei 
|i.£icba£i xr|v eve pyEiaKT) KaxavdXcoar| 8ev |i7iop£i va xP^l^P-o^oiT|0£i oiKovojaiKd yia (pxcox^ 
o^ei8co|^eva jiexaXXeu^axa xou vikeXiou E7C£iSr| a7taix£i iSiaiXEpa aKpiPo e^07iXia|4.6 
(auxoicXEiaxa, 5ox£ia EKXovcoariq), u\|/r|Xf| 9Ep(ioKpaaia EKXuXiar|q (230-260°C) Kai 
7iapouaid^£i aoPapd xExviKd 7tpop^f||iaxa e^aixiaq xou 8iaPpcoxiKOU xr|q x a P aKX AP a (1 2 3) . 

35 

H avdKxr|ar| xou vikeXiou Kai xou KoPa^xxou a7to xa o^£i8a>|j.£va (lExaXXEuiaaia xou 
vikeXiou ji£ xt|v xexvikt) xt|<; SK^uXiariq ae acopouq -)(pr\aiy.OKo\(hvxaq apaio Geiiko o^u ae 
0£p(j.OKpaaia 7i£pipdXXovxoq, o^coq avaXuxiKd exei 7i£piypa(p£i axo Avtkco^ia GR1001555, 
Sivei xr| 8uvax6xr|xa oiKovo|itKf|q a4io7iou]ar|<; xcov cpxcox^v o§£i8co|a£vcov fiexaX.Xeu|idxcov 

40 xou vuceXiou Kai xou Kopa^xiou. AXXa, yia xr|v E(papfioyf| xt|<; 7iapa7idvco |ie068ou, 
a7caixouviai ar||iavxiK£(; 7ioa6xr|xec KaGapou (yXukou) vEpou y\a xt|v 7iapaycoyf| xcov apai6v 
8iaX.u(idxcov 9eukou o^eoq, tiou oe opia|aeveq 7r£pi7rxcba£iq |j.7iop£i eix£ va |j.r|v ETiapKOuv f| va 
|ar| 5iaxi9£vxai (eM.eiv|/r| r\ . avayKaioxr|xa xpocpoSoaiac; xou VEpou ae KaxoncniaevEc; 
7i£piox£<;). rtvExai, Xomov, (pavEpo oxi Kd9£ P£Xxicoari/a£i<; xr|q |a£965ou, tiou 

45 acpopd/acpopouv axT| xPn ar l TOU vepou, 0a Kaxaaxf|a£i/aouv xr| |j.£9oSo a7ioSoxiKox£pr| Kai 
oiKovojaucd 7iio aup.(p£pouaa. 

Me xt|v rcapouaa £(p£up£OT|, 6k($c, 7i£piypd(p£xai axr| ouvexeuz, xP T l ai M 07r0l0 ^ vxai w ? 
Ttpcbxri \)kr\ BaXaaaivo V£p6, v£pd 5iaq)6pa)v xtIM-^^v avaXuaEcov Ka9d)<; Kai 8id(popa 
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PiojiTixovncd f\ <ai aoxucd anoftkrxza, a7taM,aynEva axEpEcbv, fis okoto rqv 7i:apaaKEDf| 
apaicbv 5iaA.u|idxeov 0eukou o£eo<; tod 0a xpr\<niiQKoir\dox)v yia xryv sKyvXicr] o^eiScopivcov 
liexaXXfru^idTCOv xod vikeAIod Kai xod KopaA/rioD x^pi? va Srmiovpyeixai 7ip6PA.rma odxe cm] 
8ia>.DX07toiT|crn xod nexaXXev^iaxoq aAXd odxe koli axr|v E7iaKoXoD0ODaa e7i£^£pyaaia xod 
5 |i£xaXXo(p6po\) 8iaXDp.axo<;. H XP 1 !^! xou OaXaaaivoD vEpou aTOOKOTOi axo va Kaxaaxf\a£i 
5i>vaxf| xr|v avdicxTiari xod vikeAiod Kai xod koPoXxiod and xa o^£i5co|X£va ^tExaXXEDjaaxa 
xod vikeAiod |j.£ rr\ |as0o5o xt|<; EKXpXianq as acopoDq, xP^^I^TOicovxa^ apaio 0euk6 o£d a£ 
GEpjaoKpacrta 7i£piPdAAx>vxo<;, Kai as 7tEpiox£<; otod eixe 5ev D7idpx£i £7iapK<b<; 8ia9saip,o 
KaGapo (jXvko) V£p6 f| imdpxei aXAd £7uPapi3v£i xo Koaxoq xriq jxe065ou. 

10 

Le fxia Ecpapjioyfj xr|q 7tapa7tdva) jj,e068od, f xpr\oxiionoir\Qr{KE OaXaaaivo v£po yia xryv 
7rapaaKEi>f| xcov 8iaXD|idxcov xod apaioD 0eukod o^eoq tod 7ipoopi£ovxav yia xtjv eKXpX\ar\ 
a£ acopoix; xod o^eiSco^ievod |j.£xaXX£DLiaxo<; xod vikeXiod Kai xod KOpaXxioD. H joeAexti xrjc; 
£KXpXiaifi6xT|xa<; xcov o£ei8co|ievcov p.£xaXX£D|j.dxcov xod vikeXiod Kai xod koPoXxiod oe 

15 acopODq 7ipoao|ioidaxr|K£ oe Epyaaxr|piaKE<; axr|X£<;, £(papjio^ovxaq xt|V Texvikt) II. H 
TexyiKT) II, r| cruvExfiq, 8t|Xa8r|, avaKDKXcoaT| xov 8iaXD|xaxo<; ekxdXiot|<; 5ia ^.EaoD xt|<; 
avf\kr\q xod nExaXXEDjiaxoc;, acpoii 7ipor|yoD|j.£vco<; exei 5iop0co0£i r\ ODyKEVxpcoan xou 
Oeukod o^eoq a£ Kdrana 7ipOKa0opia|i£vr| xi^rq, Kai (i£xpt to 7C£pa<; xr\q ekxpXiot|<; xod 
jaExaXXEDjiaxoc;, 7i£piypd<p£xai avaXDxucoxEpa axo Ai7tXco|j,a GR1001555. To OaXaaaivo 

20 v€po odXXex0t|K£ a7t ° xr|v 7iEpioxT| xod EdPoikod koXtod, 8ev D7i£axT| Ka|jia ETCE^Epyaaia 
Kai 7i£pi£ix£ 7C£pi7tOD 1 .35g/l |aayvf|aio, 0.8g/l aapSaxio, 14 g/1 vdxpio Kai jiiKpEq TOaoxiixEq 
dXXcov |i£xaXXiKcbv axoixstcov. XpT]ai^O7ioif|0r|Kav axr\keq and PVC-glass, SianExpoD 25cm 
Kai d\[/odc; 2.5m, oi oto(e<; cpopxcb0T|Kav \iz 178 kg o^eiScojievod (aExaXXED^axoc; vikeXIod \xe 
xr| xrmi^H oDaxaari 7iod SivExai axov nivaKa 1 Kai ^leyeQoq kokkod -1cm. H TtpoKaxEpyaaia 

25 xod |j.£xaXX£D|aaxoq EyivE cruiicpcova jj.e xr| SiaSiKaata tod 7iEpiypdq>£xai axo Ai7iX,cojia 
GR1001555, 5iap.op())6vovxaq xt| odvoXikti uypaaia xod |i£xaXX£DM.axo<; axo 10% 7i£pi7coD. 
Tia xt^v EKX^^ari a£ axr|>xq, £7iiXex9tike co<; xaxpxr|xa pofiq xod 5iaXD|iaxoq r| xi^f| xcov 32 
l/r||a£pa, tod avxiaxoixEi a£ 653 l/m 2 /r||j.£pa. To 5idXD(ia EKxuXiaTiq aTOXE^eixo aTO 
OaXaaaivo v£po Kai Oeuko o^d, eixe KavoviK6xr|xa o^Eoq 2N Kai o odvoXikoc; oyKoc; tod co<; 

30 7ipo<; xo Pdpoq xod ^ExaAA^Dfaaxoq 5iaxr|pfi0r|K£, Ka0'6X.r| rq SidpKEia xr|q ekxdXiot|c;, axr|v 

Tl|J.f| 1. 

Ta aTOXEAiajiaxa tod eXri<p9T]aav 5ivovxai axov IlwaKa 2. 

35 Se aXkeq £<pap|ioy£<; xr|<; (j.e065od, XP 1 ! 01 ^ 071011 !^ 1 ! 1 ^^ aTOpA.r|xa vepd v|/D^ecoq aTO 

Pio|ir|xaviKT| EyKaxdaxaari, vepd EK7c?iDar|q and epyoatdaia xpo(pi[icov Kai aypoxiKEq 
ecpapfaoyEq Ka0(b<; Kai oiKiaKd aTOpXr|xa yia xiyv 7capaaK£Df| xcov 5iaA-D(adxcov £KxO?aar|<; xod 
apaiou Geukod o^eo<; Kai xr| ji£A.exr| tt|<; EKXDXLainoxrixaq xcov o^£i5co|i£vcov )X£xaXX£Djj.dxcov 
tod vikeXiod Kai xod KoPaA/rioD. Oi D7i6Xoi7i£q 7t£ipafiaxiK£<; 7iapd|i£xpoi 7iap£|ieivav oi 

40 i6ieq, 67ico<;, aKpipcbq 7TEpiypd(pr|aav Kai arr|v 7tpor|yoD|j.£vr| £(pap|ioyfi. Ta an:oT£>.£a|j.aTa 
tod £Xf)(p0r|aav Sivovxai axov IlivaKa 3. 

Ato xt| auyKpixiKri (i£X£XT| xcov aTOXE>.£a|^dTCov tod ava<p£povxai axoDq IlwaKEq 2 Kai 3, 
mOcoq Kai xcov aTOXEAxafadxcov tod exodv ava<p£p0£i axo Ai7iXco(aa GR1001555, |i7iopoDV 
45 va £^ax0ODv xa aKO^ODOa aD|^7C£pda^axa: 

1 . H te^ikt) ODyK£VTpcoar| tod vikeXiod, tod ai5r|pOD, tod KoPaXxiOD, tod aXoDjaivioD Kai 
tod ypcd^iiov axo jAETaXXocpopo 5idXD|j.a, Ka0cb<; Kai r| 7roaoaxiaia avaKtrjar} tcov 
aToixEicov aDx6v aTO to ^£TdX>.£D|j.a, 5e SiacpopoTtoiODVTai xpt|ai|iOTOicbvTac 8a/.aaaiv6 
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f| aXkr\q xnH- 11 ^? auoxaar|<; vepo f| uypo a7t6pXr|xo avxi xou KaGapou (yXuKOii) vepou yta 
tt]v 7iapaaK€rofi xou 8iaA,ujj,axoq xou apaiou Seiucou o^eoq rcou xPI^M^oieixai T 1 ^ 
eKxuXiOT| xou nexaXXeuiiaxoq. 

niNAKAE 1 
Xr||ii)cr| auaxaan xou iiexaAleu|iaxo<; 



Suaxaxixo 


rioaoaTO (%) 


IN 1 ^INlvJ ) 


ft o 1 (\ 1 a.\ 
w.y 1 ^ 1 . 1 o) 


Co (CoO) 


0.065 (0.083) 


Fe (Fe 2 0 3 ) 


31.97 (45.70) 


Mg (MgO) 


1.65 (2.74) 


Al (A1 2 0 3 ) 


3.14(5.93) 


Cr (Cr 2 0 3 ) 


1.54(2.38) 


Ca (CaO) 


0.06 (0.08) 


Si0 2 


33.49 


A7tcbXeia 7njpcocni<; 1 000°C 


3.11 




10 2. H xeXucf| auyKevxpcoar| xou }j.ayvr|aiou Kai xou vaxpiou axo jaexaAAocpopo 5id^ujia eivat 
arumavxiicd au£n|ieve<; oxav xP^|cri|i07toievxai GaXaaaivo vepo Kai vepd jae |4,eydXr| apxucf| 
auyKevxpcoari axa axoixeia auxd, yeyovoc; rcou o(pett-exai axr]v u\|/TiX6xepr| apxu<T| 
7i£pieKxiK6xr|xa xcov axoixei^v auxcbv axa 7ioiKiX.r|q xnt 1110 !^ auaxaaTiq vepd Kai axo 
9aA,aaaiv6 vepo ae axear| jj.e xo Ka9ap6 (y^uKo) vepo. 

15 3. H TtpoKUTcxouaa auyKevxpooari iovxcov xou aaPeaxiou (Ca 2+ ) axa 7iapay6|ieva 
jj.exaXXo(popa StaXupxrca eivai, yevuccbc;, noM) xa|^nA.r| ^oyco zr]q KaxaPuOiarjc; xou 
aapeaxiou coq Oetucou aaPeaxiou (yui|/ou), av Kai T| auyKevxpcoati iaoppo7iiaq xou eivai 
Suvaxov va eivai Xiyo u\|/r|).OTepr| oxav xPn^-I^OTtoiouvxai aXka izkr\v xou KaOapou 
(yXuKOu) vepd Xoyco XT|q 7rapouaia<; 5ia(p6pcov aviovxcov (tt.x- CI") a'auxd. 

20 4. Kajiia |4.exaPoXr| 5ev 7tapaxr)pr|Gr|Ke axo X.6yo Fe/Ni axo |iexaXA.O(popo 5idA.u|.ia, axrjv 
xaxuxT|xa eKxu?LiaT]q r| axo |ar|xavia|Li6 5iaXuxo7ioir|aT|<; xou |iexaAAeu|iaxo<;. 



25 



BIBAIOrPAOIA 



1. ROODRA HJ and HERMANS J.M.A. (1981). "Energy constraints in extraction of 
nickel from oxide ores (I). ErzmetaL 34(2). pp. 82-88. 

2. SIMONS C.S. (1988). "The production of nickel: extractive metallurgy-past, present 
and future". In Proceedings of a symposium on the extractive metallurgy of nickel and 

0 cobalt, 1 1 7 th TMS Annual Meeting, Phoenix Arizona, January 25-28, pp. 91-1 34. 

BUCHANAN D.L. (1982). "Nickel: a commodity review" . Occasional Papers of the 
Institution of Mining and Metallurgy. 




cn 
ro 



CN 



CO 



§ f 

9- £ 

,3 - 

11 



t/» 
O 

< 



u I 

5? -a 



CO £ 

O a. 



go 



a 

co a. 



O Cu 

CL 



< f 

> 
3 



- E 

< Cu 

cu 



^ -3 



on B 



o g. 

3 



O £ 



u. 



*3 

> 

3 



£ 

1* Cu 

a. 



52- 

3 



Z cu 



C -J 

-O >U3 



so 

ON 



oo 
oo 

m 



vO 
CN 



cn 



as 

SO 
CN 



OO 

oo 



oo 

co 



cn 
oo 

as 



so 
w~> 



OS 



ON 

OS 



ro 

SO 
OO 

so 



OS 
CN 

wn 



as 

so 



so 
wn 



OO 

WO 

co 



SO 

ro 



m 

WO 
CN 



SO 
CN 



so 
ro 



cn 



as 
so 

ro 



wo 
cn 



oo 

ON 
CN 



OO 



WO 
CN 



ro 



wo 
cn 



wo 
OS 



o 
so 
oo 



OS 
CN 



WO 
CN 
SO 



OO 

ro 



CM 

oo 



as 
o 

o 



oo 

CN 
ro 



cn 



wo 
wo 
wo 



oo 



CN 



O 

so 

so 



as 
oo 

OS 



WO 

oo 



* 

o 



o 

cn 



oo 



wn 



O 

o 
as 



oo 

cn 



oo 

vd 



WO 

CN 
CO 



co 
oo 

CN 



as 
as 



o 

CN 



wo 
SO 

ro 



so 
SO 



ro 

CN 
CN 



CN 



co 



O 

SO 

» 

o 

wo 



ro 



a^ 



as 



Os 

WO 



O 
vO 
OO 



CN 
CN 



oo 
oo 



cn 



CN 



as 
as 



CN 



SO 



CO 



as 

ro 
CN 



OO 



to 



UO 

o 



oo 

uo 



wo 



oo 

sb 



ro 

Cs 
OO 



oo 
ro 

Os 
wo 



ON 

SO 

oo 



oc 



wo 

CN 

wo 



as 



CO 



so 
as 

so 



o 

ro 

wo 
so 



CO 

oo 



oo 
oo 



< < 

H m 



oo 
> 

> 

D 
O 



U5 

P 

-g 

O 



o 

C5 

00 



45- 



cs >r 
o 

5 

cs 

to 

2 w 
o o 

S- • • 
§" 5 

M 

CO 



§ < 

^- o 

X 3 



o 

< 



SI 



5 a 



GO CU 



s 



O cu 

Cu 



< Cu 



OH 



° > 



op £ 
2 g- 



*1 



o E 

(J Cu 



C5 



*> £ 

U, Cu 



_ b 

3 



CU 



O u) 



ro 



CO 

CN 



wo 



as 



CN 
CN 

CN 



oo 

CN 



so 



WO 

ro 
SO 



so 
ro 

CN 
CN 



O 
ro 



oo 

Os 



wo 



SO 
CN 



SO 
SO 



oo 

sq 

wo 

CN 



o 

ON 



sq 
wo 



CN 
ro 



wo 

o 

CN 



OO 



wo 



ro 



wo 

as 

ro 



oo 

wo 



wo 



ro 



CN 

ro 



O 
O 
wo 



CN 

wo 

OS 
CN 



SO 
wo 



so 



oo 
0\ 



wo 
sq 

oo 

ro 



so 
oo 

CN 



CN 



CN 



WO 



CN 



WO 



CN 
ro 

CO 



so 



CN 
CN 



OO 

so 



wo 

CN 



o 

wo 



WO 

ro 



wo 
oo 



CN 
so 



WO 

wo 



ro 
SO 

wo 



o 

CN 

oo 
ro 



oo 

sd 



oo 

ro 



wo 



CN 



wo 



wo 
wo 

ro 



wo 



wo 
wo 

CN 



CN 
WO 

so 



o 
o 

wo 
wo 



Os 

oo 
ro 



wo 
O 

CN 



so 
ro 

so 



O 
wo 

vO 



wo 



o 

wn 

^1- 



as 



wo 



CN 



WO 



o 



wo 



wo 
as 

sd 

CN 



OO 
OO 

so 



o 
o 
so 
wo 



o 

ro 

* 



o 

w~> 



oo 



o 

ws 
ro 

r-J 



oo 

W^i 



O 

o 

ro 



oo 



CN 

wo 



CN 

as 

CN 
WO 



ON 

so 



OO 

o 



vO 



3 * 



T- Ml 



o 

CL 

00 

> 

00 



6 

5 

-co 

o 
u 

s 

o 



3 

00 



AEIQZEIS 



H jie0o8o<; avdKTTi<rn<; tod vikeXiod Kai tod koPoXtiod and xa o^ei8con£va 
HETaXXeD^iaTa tod vikeXiod Kai tod koPoXtiod (lxs tt|v TExyucrj tt|<; ekxdXiot|<; ae 
acopODq, , xpr]<n\ionox6)vxaq diaXvixa apaioD 0eukod o^eoq kod TiapaaKEDd^ETai \is rr\ 
Xpt|OT| 0aXaaaivoD vepoD, ae 0£p|ioKpaaia TiEpipdXXovroq £(papji6£ei tt| jaeOoSo tt|<; 
ekxdXiot|<; ae acopoiiq yia rqv avdicrr|<Tn tod vikeXiod Kai tod KopaXxioD and xa 
oi;£i8cop,eva laeTaXXeDjxaTa tod vikeXiod Kai tod koPoXtiod , xpr\Gi[iono\6^vxaq 
noXkankeq avaKDKXcooeic; 5iaXD^aToq apaioD 0eukod o^soq 5ia |XEaoD evoq f| 
7cepiaaoT£pcov acop6v ^iETaXXED|iaTO<;, to pH tod ottoiod jmcopei TrporiyoDfievax; va 
5iop9d)V£Tai r| 6xi, avdXoya jie tt\v texvikti tod E7nXeyeTai (I fj II), Kai xapaKTrjpi^ETai 
aq>Ev6<; ano nr\ ypr\ai] tod 0aXaaaivoD vepod yia xr\v Ttapaycoyf| tcdv apaicbv 
SiaXDjidTov EKXDXiariq tod Geukod o^eoc;, avTiKaOiaTanaac; to KaGapo (yXDKo) v£po, 

Kai a(p£T£pOD a7l6 TT|V DTKXp£r| ETTUtXeOV 7TOa6TT|Ta5 VaTpiOD 7COD 7ipO£px£Tai and TO 

GaXaaaivo vspo, KaGiGTcbvTaq jit] avayKaia tt^v 7tpooGf|KT] ^iovo8Dvdp,cov KaTiovTCov, 
O7ico<; 7c.x. K + , Na + , NH^, KaTd rr|v aKoXoD0ODaa (paor\ rr\q a7to|adKpDvar)c; tod aiSf|poD 
Kai tod aXoDjiivloD and to vikeXiodxo ^ETaXXocpopo SidXDfia, evcb 5ev ji£TapdXX£Tai r| 
teXikti cruyKEVTpcooT|, r| TaxDTTjTa £KXpXiar|<;, r\ 7CoaoaTiaia avdKTTjcrri tod vikeXiod, tod 
KoPaXTioD, tod <n6r|poD, tod xpcojiioD Kai tod aXoD|iivioD and to y.ETdXX£Dp.a odte Kai 
o Xoyoq Fe/Ni aTo |jETaXXo(p6po SidXD^ia r| o (irixctviop.6<; xr\q eKxokiar\q tod 
o^£i5co|ievod |i£TaXX£D|iaTOc; tod vikeXiod Kai tod KoPaXTioD. 

H jj.e0o6o<; avdKTT|aT|<; tod vikeXiod Kai tod KoPaX-rioD and xa o^EiScojjiva 
|a£TaXX£D(j,aTa tod vikeXiod Kai tod koPoXtiod \xe xr\v texvikti xr\q EKyv\\ar\q ae 
acopoDq, -xpr\o\iioKo\(bvxaq SidXDjia apaioD Geukod o^eoc; 7cod TtapaaKEDd^ETai \ie rr| 
Xpr|CTT| GaXaaaivoD vepod, ae 0£pfiOKpaaia Tt£pipdXXovTO<;, OD|i(pcova \xe xr\v a£,icoar| 1 , 
XapaKTT|pi^ETai and to oti r| ypr\ar\ tod GaXaaaivoD vspoD aD^dvEi tt|v teXikti 
croyK£VTpcoar| tod jxExaXXocpopoD 8iaXDp.axoq ae |iayvf|aio Kai aaPEaxio x^P^ 6|ko<; va 
(XETapdXXETai t| rcoaoaxiaia avdKxr|ar| tcov otoixeicov aDTd>v arco to |ii£TdXX£D|j.a. 

H (AEGoSoq avdKTT]ar|<; tod vikeXiod Kai tod KoPaXTioD a7co xa oqei6co|j.eva 
^i£xaXX£Dp.aTa tod vikeXiod Kai tod koPoXtiod \xe tt|v texvikti xr|q EKXoXiorjc ae 
acopoix;, XPH 01 ! 107101 ^^^ SidXD^a apaioD Geukod o^eoc; tiod 7capaaKEDd^£Tai \.ie xr\ 
Xpf|OT| GaXaaaivoD vepod, ae 0£p(j.OKpaaia 7t£pipdXXovTO<;, aDjacpcova |i£ xiq acuuaeic; 1 
Kai 2, x a P aKTT lP^ eTai a7C 6 TO o Tl KaG£ xvnoq VEpoii, av£^apTf|TCo<; xrm iKT l? oDaraariq, 
eivai SDvaTOV va xpr]ai\xo7ioir\Qei x^P^ va l-i£TapXr|G£i r| avdKTTiOT| tod vikeXiod Kai 
tod KoPaXTioD r( o (irixaviajioq £KXDXiar|q tcov o^£i5co|i£vcov iiETaXXED^idxcDv tod 
vikeXiod Kai tod KoPaXxiou, ev6 cruyxpovco^ Ta i^ExaXXocpopa 5iaXD|aar(x 7iod 

7tpOKD7lTODV 7l£pi£XODV ^EyaXDTEp Eq 7IOaOTr|T£(; (lETaXXoKaTlOVTCOV (layvnaioD, 

aapEOTiOD Kai vaTpioD, avdXoya \ie to eidoq xod vepod tiod xPn 0 ^ 1 ^ 07101 ^^ 011 ' 
aD^dvovxaq xiq avaKTf|ai(a£c; 7ioaoTT|T£q tcov otoixeicov aDTcbv a7ro to jaeia/J.ocpopo 
SidXDj^a as £7i6|i£va axd6ia 87rE^£pyaaia<; Kai SiEDKoXiivovxaq xrjv £7i£q£pyaoia tcov 
8iaXD|idxcov aDxcbv. 

H |j£Go5o<; avdKxr|ar|q tod vikeXiod Kai xod KoPaXxioD a7ro xa oc£i(Vo).i£va 
|j.£xa>A£D)j.axa xod vikeXiod Kai xod KoPaXxioD (i£ xr|v xexvikti xr\q EKyvsAa^z ae 
acopoDq, xP 1 ! 01 ^ 07101 ^^ 01 ^ S^dXDfia apaicru Geukod o^eoc; tiod TrapaaKEDdCexai tt| 
XprjaT] GaXaaaivoD vepod, a£ 0£pjaoKpaaia 7i£piPdXXovxo<;, aDjicpcova |i£ xk; acu'DCMAq 1 
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kgu 3, x a P aKTr IP^ eTai a7C 6 TO oxi KCtGs jaop(pr|<; PiojirixaviKo fj aaxiico a7i6pXt|to, 
a7taXXayji€vo arco axepsd i)7coX£i|i|aaxa, xPTI^M^oieixai Y ia W 7capayco7f| TC0V 
SiaXujiaxcDV apaiou Geukov o^eoq, ae GepjaoKpaaxa 7t£piP&AXovxoq, 7tou ct7raixoiivxai 
yia xtjv £(pap^oyf| xt]<; |xe965ou x^P^ va oXka^ei ouxe xo rcoaooxo avdtKTr|crn<; xou 
5 viiceXiov Kai xoo KoPaXxiou arco xo \iexaXks^\ia a&Xa ouxe Kai o jirixavia^ioq eKxuXianq 

xou o^ei5co^ievo\) ^exaAAetifiaxot; xou viiceAlox) Kai xou koP<xA.xiou. 
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nEPIAHTH 

Me9o5oq avdictr|aT|<; tod vikeXiod Kai tod KoPaX-rioD and xa o^EiSco^ieva \iexaXkex>\xaxa 
5 xo\> vikeXiod Kai tod KoPaX-rioD jae tt|v texvikti xr\q ekxpXiot|(; ae acopotiq, 
XptiaijaoTOKbvTaq SidXD^a apaioii Oeukod o^Eoq tod rcapaoKEDd^ETai jie tt| xpr\ar] 
OaXaaaivoD vepod, ae 9ep|xoKpaaia TCEpipaXXovrac;. 

H £(pei3pE<rr| ava(pep£Tat arr| *xpf\or\ tod OaXaaaivoD vepoD r| vepcbv 8ia9opcov 
10 xrm iKC ^ v avaXtiaEcov r| 8ia<p6pcov Pio^xavuccbv f| Kai aaTiiccbv aTOpXrjTcov, a7raXXay|iEvcov 
axepecbv, yia rr\v 7iapaycoyf| xcov 8iaXDp.dTcov £KxuXiar|<; tod apaiOD 0eukod o^eoq tod 
arcaiTouvTai KaTd tt|v ecpapjioyfj tt|c^ DSpop.ETaXXoDpyiKf|q fi£965oD EKXuXurriq a£ acopotic; 
tcov o^£i8co|a.£vcov |j.ETaXX£D|adTcov vikeXiod Kai KoPaXnoD |xe apaio Beuko o£6 ae 
0£p|j.OKpacria 7t£piPdXXovTO<;, \xe ctko7c6 tt\v E^aycoyTj tod vikeXiod Kai tod koPoXtiod fxe xr\ 
15 nopcpfi D8aTiKOD 8iaA.D|j.aTO(; 7tepiExovTo<; KatiovTa vikeXiod Kai KoPaXTioD. AtoteXei 
PeXticooti xr\q jieGoSod tod 7i£piypd<f>£Tai gto Ai7cXco|ia GR1001555. 

Me tt|v 7xpoT£ivd(X£VT| |i£6o8o, KaBiaTaTai 8DvaTf| r| avdKTT|crr| tod vikeXiod Kai tod 
KOpaX.TiOD and xa o^ei8coji£va \iexaXkzviiaxa tod vikeAiod \xe xr\ jie0o8o xr\c, £Kx6Xicrr|q ae 

20 acopoDq xP T l ai M° 7lol ^ )VTa ^ apaio Oeuko o^d ae 0£pjiOKpaaia TCEpipdXXovToc; Kai ae nepxoxeq 
6noD e(t£ Sev dtopxei 8ia0£ai|io Ka9apo (yXDKo) V£p6 fj D7tdpxei aXXd emPapDVEi to 
kogtoc; tt|<; |j,£068od, x^P^ va SrijaaoDpyEiTai npofiXmia ovxe axr\ 5iaXDTOTOiT|crri tod 
jaETaXXeDjiaToq aXXd ovxe Kai arqv £7raKoXoD0ODaa £7i£^epyacria tod |AETaXXo<popoD 
SiaXDjaaToq. Se Sidcpopsq £<papfioy£<; Tr|q jj.£065od -xpr\axixoKOir\Qr\Kav 5£iy|waTa aTO 

25 GaXaaaivo v£po, PiofirixctviKd Kai oiKiaKd a7i6pXr|Ta |X£ okoto tt|v 7tapaaK£Df| tcov 
SiaXDjadTCOv tod apaioii Oeukod o^soq tod -xp-qa\[iono\r]Qr\Kav yia tt|v ekxdXioti 
o^£i8co(a.£vcov ^lETaXXED^idTcov vikeXiod Kai KoPaXnoD jj.£ tt| |X£0o8o rqq EKxuXiaric; ae 
acopoDq Kai ji£X£Tf|0r|K£ t| £KXDXim(iOTT|Ta tcov o^eiSco^evcov fiETaXXEDjidTcov tod vikeXiod 
Kai tod KoPaXTioD. 
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METHOD FOR EXTRACTION OF NICKEL AND/OR COBALT FROM NICKEL 
AND/OR COBALT OXIDE ORES BY HEAP LEACHING WITH A DILUTE 
SULPHURIC ACID SOLUTION, PREPARED FROM SEA WATER, AT AMBIENT 
TEMPERATURE 

5 

FIELD OF THE INVENTION 

The invention relates to the use of sea water for the preparation of a dilute sulphuric 
10 acid solution required for the application of the heap leaching technique to nickel and/or 
cobalt oxide ores in order to extract the nickel and/or cobalt contained in the ore in the form 
of an aqueous solution containing nickel and/or cobalt cations. The present invention 
improves the hydrometallurgical method of heap leaching of nickel and/or cobalt oxide ores 
using dilute sulphuric acid at ambient temperature, according to Patent GR1001555. 

15 

BACKGROUND OF THE INVENTION 

Industrially, nickel is extracted from its oxide ores by the use of pyrometallurgical 
(smelting for nickel matte production and smelting for ferronickel production) as well as 
20 hydrometallurgical (Caron's reduction roast-ammonium carbonate leaching process and 
Freeport Sulphur method of pressure leaching with sulphuric acid) methods. In Greece, 
nickel is extracted from its oxide ores as ferronickel, using a pyrometallurgical method. 

Unfortunately, though, most of these methods are energy consuming and suitable 
25 for exploiting relatively high grade nickel ores (with a nickel content higher than 0.95-1 %) 
and have been invented in periods when oil was cheap and when it was believed, in general, 
that oil would remain a cheap fuel. Thus, all pyrometallurgical methods and the 
hydrometallurgical Caron's method require high energy consumption. The 
hydrometallurgical Freeport Sulphur method, despite the fact that it has achieved a 
30 reduction of the energy consumption associated with its application, cannot be 
economically used for low-grade nickel oxide ores as it requires expensive equipment 
(autoclaves, flash tanks), a high extraction temperature (230-260 degrees Celcius) and is 
associated with severe engineering problems due to its corrosive nature 0 2 3) . 

35 The extraction of nickel and/or cobalt from the oxide ores of nickel and/or cobalt 

by heap leaching using dilute sulphuric acid at ambient temperature, as described in detail 
in Patent GR1001555, enables economical exploitation of low-grade nickel and/or cobalt 
oxide ores. However, the application of this method requires significant quantities of fresh 
water for producing the dilute sulphuric acid solutions which, in certain cases, may not be 

40 available (lack of water or need to use the water in inhabited regions). It is, therefore, 
evident that any improvement of the method, regarding the use of water, will render it more 
efficient and more interesting economically. 

The present invention, as will be described below, relates to the use of sea water, 
45 water of various compositions as well as various industrial or municipal effluents, free of 
solids, for preparing dilute sulphuric acid solutions that will be used for the leaching of 
nickel and/or cobalt oxide ores without affecting either the solubility of the ore or the 
subsequent treatment of the metals containing leach liquor (pregnant solution) produced. 
The use of sea water aims at making possible the extraction of nickel and/or cobalt from 
50 nickel and/or cobalt oxide ores using the technique of heap leaching with dilute sulphuric 
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acid, at ambient temperatures, also in regions where there is no fresh water or the use of 
fresh water renders the method very expensive. 

DESCRIPTION OF THE INVENTION 

5 

The method for extraction of nickel and/or cobalt from nickel and/or cobalt oxide 
ores by heap leaching with a dilute sulphuric acid solution, prepared from sea water, at 
ambient temperature comprises a method for leaching nickel and/or cobalt oxide ores in 
heaps using dilute sulphuric acid, prepared from sea water, water of various compositions 
1 0 or various industrial or municipal effluents, at ambient temperature. 

In an application of the above method, sea water was used for preparing a dilute 
solution of sulphuric acid which was, then, used for the heap leaching of a nickel and cobalt 
oxide ore. Heap leaching was simulated by column leaching, applying technique II. 

1 5 Technique II, i.e. the continuous recycling of the leach solution with adjustment of the 
sulphuric acid concentration to a predetermined value at the end of each leach cycle, is 
described, in detail, in Patent GR1001 555. The sea water was collected from the region of 
the Gulf of Euboea and had not been subjected to any processing prior to leaching. It 
contained 1 .35 g/1 magnesium, 0.8 g/I calcium, 14 g/1 sodium and small quantities of other 

20 metals. The columns used were made of transparent PVC material with internal diameter 
d= 0.25 m and height h=2.5 m. They were charged with 1 78 Kg of nickel and cobalt oxide 
ore with a composition as shown in Table 1 and a particle size less than 1cm. Pretreatment 
of the ore with water was performed according to the procedure of Patent GR1001555, 
reaching an overall moisture of about 10 %. For the leaching in columns, the leach solution 

25 consisted of sea water and sulphuric acid with an acid normality of 2N and its flowrate was 
32 1/day, corresponding to a value of 653 l/m 2 day. The ratio of the leach solution volume 
to the ore weight (L/O) was 1 1/kg. The results obtained are given in Table 2. 

TABLE 1 

30 Chemical analysis of the nickel oxide ore 



Component 


Content 




(wt %) 


Ni (NiO) 


0.91 (1.16) 


Co (CoO) 


0.065 (0.083) 


Fe (Fe 2 0 3 ) 


31.97 (45.70) 


Mg (MgO) 


1.65 (2.74) 


Al (A1,0 3 ) 


3.14 (5.93) 


Cr (Cr 2 0 3 ) 


1.54 (2.38) 


Ca (CaO) 


0.06 (0.08) 


SiO, 


33.49 


Loss on ignition at 1000°C 


3.11 



O 

o 

- ^ 

■S cn 
^ m 
o • • 

s 2 
is £ 

£ o 

a> 

00 * • 
a O 



CO £ 

<c • • 

o <u 

— .£2 
a .S 

§ z 

o ^ 

2 « 
£3 

w a 

u ■ — 

a. c 

-a ,0 

c ■«— » 

03 at 

o c 

3 <U 

— c 
-3 o 

C3 ^O 

j s 

3 

:o cx 

2 * — ' 

CJ 

E 



CJ 



o P 



w a. 



vp o 



- 6 
co a. 



< > 

u 



3 s 

< CL 



Q0 ^ 



00 £ 
45 o- 



U > 
e O 



vO O 



f i. 

CU 



.5 * 



SO 

ON 



OO 

m 



^o 
cn 



cn 



ON 

no 

CN 



OO 
OO 



m 



cn 
00 

ON 



NO 

to 



ON 



ON 

Os 



NO 



cn 
so 



NO 



ON 
to 



ON 

sO 



NO 

to 



00 

un 

m* 



NO 

m 



m 
m 



NO 



NO 

m 



ON 



O 

NO 



ON 
CN 



NO 



OO 



CN 

00 



OS 

■ 

o 



00 

m 



CN 



On 
NO 



CN 



OO 
ON 
CN 



CN 



rn 



O 
OO 

o 

CN 



NO 
NO 



ON 
OO 

OS 

m 



00 



o 

CN 



OO 



ON 



00 

(N 
OS 



o 



CN 



m 
06 

CN 



ON 

Os 



CN 



NO 

rn 



so 

NO 



rn 

CN 
CN 



CN 



m 



NO 

* 

o 
10 



m 
un 

CN 



Os 



Os 

to 



CN 

ON 
lO 



o 

NO 

00 



00 

sb 



C^J 
CN 



m 



m 



CN 



ON 
OS 



CN 



NO 



m 



ON 

rn 
CN 



CN 
10 



Os 



m 



00 



in 

iO 



to 



00 
10 



ON 

to 

CN 



OO 

tO 

sd 



m 

00 



00 



ON 

to 



Os 

NO 

00 



00 

CN 



NO 
ON 

v 

NO 



m 
to 

NO 



o 
m 

00 



00 
00 

* 



Is 



I ' ' 



a> >> 

O ^ 
-O <N 



m 
< 



c3 



C3 

o 

t/5 



Si) 

c 

CO 

O 

>^ 

c 
o 

1— • 

cG 

< 



O <l> 

o > 

'= o 

i I* 

J 5 

-2 E 
cx 

cd — 1 

<U 1 

■ — CO 



a C3 
co 

'■5 ^ 

— to 

5 E 

a> «} 

£ 2 

r, *-* 

o ^ 

c c 

o a> 

O C 

^ > 

a. o 

-a W 

§ 3 

a ■- 

§ s 

"c .S 

_o .2 

c 

o o 
o 

— U 

cd ■ r 

cj =; 



5| 

aj CQ 



c3 

U > 



nO O 



CO o. 

Q. 



u 
u 



^3 S 
< o. 



3 <D 



o $ 
U > 



o E 



-u > 

vP 0 

4J 



« £ 



5 « 



£ 

a. 

a. 



m 

CN 



to 



ON 



CN 
CN 

CN 



OO 
CN 



NO 



to 
m 

NO 



NO 

m 

CN 
CN 



m 



00 

Os 



to 



SO 
CN 



NO 
NO 



OO 

NO 

to 

CN 



OS 



NO 

to 



CN 

rn 



«o 



CN 



to 
m 



to 

ON 



to 



to 



m 



CN 

» 

m 



to 



CN 

to 

ON 
CN 



NO 

»o 



NO 

m 



00 



to 

NO 

00 

m 



no 
00 

CN 



CN 



to 



CN 



to 



CN 

rn 
rn 



SO 



CN 



CN 



OO 

NO 



to 

CN 



to 



to 
m 



to 
00 



CN 
NO 



to 
to 



m 
so 



to 



CN 
OO 
m 



CN 



OO 

sb 



OO 

rn 



to 



CN 



to 



to 
to 

rn 



to 



to 
10 

CN 



CN 

to 

NO 



to 
to 



OS 

06 
m 



to 
o 

CN 



SO 
m 

no 



to 

NO 



■ 

to 



o 
to 

CN 



CN 
CN 



Os 



to 



CN 



to 



o 



O 

to 



to 

ON 

vb 

CN 



00 

00 

SO 



o 

NO 

to 



m 



to 

CN 



OO 



o 

to 
m 

CN 



CN 
OO 

to 



o 
o 

m 



00 

CN 



CN 
to 



00 
m 



CN 
OS 

CN 

to 



OS 
so 



00 



m 

sb 



» 

2 * 



Cd 

c 

"5 



CX) 

c 

3 



_CJ 
CJ 

CJ 

o 



< 

* 



to 



to 



CN 



to 

(N 



4 



In other applications of the method, there were used effluent cooling water from 
industrial installations, washouts from food plants and agricultural applications as well as 
municipal effluents for the preparation of the leach solutions used for the heap leaching of 
nickel and cobalt oxide ores. The other experimental parameters remained the same as 
5 described in the previous application. Results are reported in Table 3. 

From the comparative study of the results of Tables 2 and 3, as well as the results 
reported in Patent GR100155, the following conclusions can be drawn: 

10 1 . The final concentrations of nickel, iron, cobalt, aluminium and chromium in the 
produced from heap leaching leach liquor (pregnant solution) as well as the percent 
extraction values of these elements from the ore are not differentiated when sea water, 
water of various compositions or effluent water is used for the preparation of the dilute 
sulphuric acid solution used for the ore leaching. 

15 2. The final concentrations of magnesium and sodium in the leach liquor (pregnant 
solution) are significantly higher when sea water or water with a high concentration 
of these elements is used, due to the higher initial concentration of these elements in 
the sea water or in various types of water, relative to the fresh water. 

3. The resulting calcium concentration in the leach liquor (pregnant solution) produced 
20 is, in general, very low due to the precipitation of calcium as calcium sulphate 

(gypsum), although its equilibrium concentration can be slightly higher when water 
other than fresh is used, due to the presence of certain anions (e.g. CI") in it. 

4. No differentiation of the Fe/Ni ratio, the extraction rate or the mechanism of the ore 
leaching is noticed during leaching with sea water, effluent water or any type of water 

25 used, relative to fresh water. 
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The method for extraction of nickel and/or cobalt from nickel and/or cobalt oxide ores 
by heap leaching with a dilute sulphuric acid solution, prepared from sea water, at 
ambient temperature applies the technique of heap leaching for the extraction of 
nickel and/or cobalt from nickel and/or cobalt oxide ores using multiple recycling of 
the dilute sulphuric acid leach solution, the acid concentration of which may be 
optionally adjusted to a predetermined value depending on the technique used (I or 
II), through one or more heaps and it is characterized by the use of sea water, 
replacing fresh water, for the preparation of the dilute sulphuric acid solution, which 
acts as the leaching agent, as well as by the presence of sodium ions, originating from 
the sea water, in the produced leach liquor (pregnant solution), rendering the addition 
of cations such as K\ Na + , NH 4 + not necessary in the subsequent stage of iron 
removal as jarosite from the nickel and/or cobalt containing leach liquor (pregnant 
solution) while the final concentrations and percent extraction values of nickel, 
cobalt, iron, chromium and aluminium, the ratio Fe/Ni in the leach liquor and the 
mechanism of the ore leaching remain unchanged. 

The method for extraction of nickel and/or cobalt from nickel and/or cobalt oxide ores 
by heap leaching with a dilute sulphuric acid solution, prepared from sea water, at 
ambient temperature, according to claim 1 , is characterized by that the use of sea 
water increases the final magnesium and calcium concentrations of the produced 
leach liquor (pregnant solution) without, however, affecting the percent extraction of 
these elements from the ore. 

The method for extraction of nickel and/or cobalt from nickel and/or cobalt oxide ores 
by heap leaching with a dilute sulphuric acid solution, prepared from sea water, at 
ambient temperature, according to claims 1 and 2, is characterized by that any type 
of water, irrespective of its chemical composition, can be used without affecting 
nickel and cobalt extraction from the ore or the ore leaching mechanism, while, at the 
same time, the produced leach liquor (pregnant solution) can contain higher 
concentrations of magnesium, calcium and sodium, depending on the type of water 
used, than those contained in fresh water, thus increasing the recoverable quantities 
of these cations from the produced leach liquor (pregnant solution) and facilitating 
the subsequent treatment of the leach liquor. 

The method for extraction of nickel and/or cobalt from nickel and/or cobalt oxide ores 
by heap leaching with a dilute sulphuric acid solution, prepared from sea water, at 
ambient temperature, according to claims 1,2 and 3, is characterized by that any type 
of industrial or municipal effluent water stream, free of solid residues, can be used for 
the preparation, of the dilute sulphuric acid solution required for the application of the 
method, without affecting either the percent extraction values of nickel and/or cobalt 
from the nickel and/or cobalt oxide ore or the ore leaching mechanism. 
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ABSTRACT 

METHOD FOR EXTRACTION OF NICKEL AND/OR COBALT FROM NICKEL 
5 AND/OR COBALT OXIDE ORES BY HEAP LEACHING WITH A DILUTE 
SULPHURIC ACID SOLUTION, PRODUCED FROM SEA WATER, AT AMBIENT 
TEMPERATURE 

The invention relates to the use of sea water or water of various chemical 
10 compositions or municipal effluent streams, free of residual solids, for the preparation of 
a dilute sulphuric acid solution required for the application of the hydrometallurgical 
method for the extraction of nickel and/or cobalt, in the form of an aqueous solution 
containing nickel and cobalt cations, from nickel and/or cobalt oxide ores by heap leaching 
with a dilute sulphuric acid solution at ambient temperature. It concerns an improvement 
1 5 of the method described in Patent GR 1 00 1 5 5 5 . 

The proposed method renders possible or more economic the extraction of nickel 
and/or cobalt from nickel and/or cobalt ores by heap leaching with dilute sulphuric acid, 
at ambient temperature, also in regions where fresh water is either not available or costly, 
20 without affecting the ore leaching mechanism or the subsequent treatment of the produced 
leach liquor (pregnant solution). 

In various applications of the method, there were used samples of sea water, industrial 
and municipal effluents in order to prepare solutions of dilute sulphuric acid which were 
25 used as the leaching agents for the extraction of nickel and cobalt from nickel and cobalt 
oxide ores by heap leaching at ambient temperature and the leachability of such ores by 
heap leaching was fully studied. 



EntlHMH META<t>PAZH TRADUCTION OFFICIELLE OFFICIAL TRANSLATION No ^5?2<A 
CLAIMS 

l.The method for extraction of nickel and/or cobalt from 
nickel and/or cobalt oxide ores by heap leaching with a dilute 
sulphuric acid solution, prepared from sea water, at ambient 
temperature applies the technique of heap leaching for the 
extraction of nickel and/or cobalt from nickel and/or cobalt 
oxide ores using multiple recyclingof the dilute sulphuric 
acid leach solution, the acid concentration of which may be 
optionally adjusted to a predetermined value depending on the 
technique used (I or II), through one or more heaps and it is 
characterized by the use of sea water, replacing fresh water, 
for the preparation of the dilute sulphuric acid solution, 
which acts as the leaching agent, as well as by the presence 
of sodium ions, originating from the sea water, in the 
produced leach liquor (pregnant solution) , rendering the 
addition of cations such as K+, Na+, NH4+ not necessary in the 
sebsequent stage of iron removal as jarosite from the nickel 
and/or cobalt containing leach liquor (pregnant solution) 
while the final concentrations and percent extraction values 
of nickel, cobalt, iron, chromium and aluminium, the ratio Fe/Ni 
in the leach liquor and the mechanism of the ore leaching 
remain unchanged* 

2 -the method for extraction of nickel and/or cobalt from 
nickel and/or cobalt oxide ores by heap leaching with a dilute 
sulphuric acid solution, prepared from sea water, at ambient 
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EHIZHMH METAOPAZH TRADUCTION OFFICIELLE OFFICIAL TRANSLATION No IS*? 
temperature, according to claim 1, is characterized by that 

the use of sea water increases the final magnesium and calcium 

concentrations of the produced leach liquor (pregnant 

solution) without, however, affecting the percent extraction 

of these elements from the ore. 

3. the method for extraction of nickel and/or cobalt from 
nickel and/or cobalt oxide ores by heap leaching with a dilute 
sulphuric acid solution, prepared from sea water, at ambient 
temperature, according to claims 1 and 2, is characterized by 
that any type of water, irrespective of its chemical 
composition, can be used without affecting nickel and cobalt 
extraction from the ore or the ore leaching mechanism, while, 
at the same time, the produced leach liquor (pregnant solution) 
can contain higher concentrations of magnesium, calcium and 
sodium, depending on the type of water used, than those 
contained in fresh water, thus increasing the recoverable 
quantities of these cations from the produced leach 
liquor (pregnant solution) and facilitating the subsequent 
treatment of the leach liquor. 

4. The method for extraction of nickel and/or cobalt from 
nickel and/or cobalt oxide ores by heap leaching with a dilute 
sulphuric acid solution, prepared from sea water, at ambient 
temperature, according to claims 1,2 and 3, is characterized 
by that any type of industrial or municipal effluent water 
stream, free of solid residues, can be used for the 
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preparation, of the dilute sulphuric acid solution required 

for the application of the method, without affecting either 

the percent extraction values of nickel and/or cobalt from the 

nickel and/or cobalt oxide ore or the ore leaching mechanism. 
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ABSTRACT 

METHOD FOR EXTRACTION OF NICKEL AND/OR COBALT FROM NICKEL 
AND/OR COBALT OXIDE ORES BY HEAP LEACHING WITH A DILUTE 
SULPHURIC ACID SOLUTION, PRODUCED FROM SEA WATER AT AMBIENT 
TEMPERATURE 

The invention relates to the use of sea water or water of 
various chemical compositions or municipal effluent streams, 
free of residual solids, for the preparation of the dilute 
sulphuric acid solution required for the application of the 
hydrometallurgical method for the extraction of nickel and/or 
cobalt, in the form of an aqueous solution containing nickel 
and cobalt cations, from nickel and/or cobalt oxide ores by 
heap leaching with a dilute sulphuric acid solution at ambient 
temperature. It concerns an improvement of the method 
described in Patent GR1001555. 

The proposed method renders possible or more economic the 
extraction of nickel and/or cobalt from nickel and/or cobalt 
ores by heap leaching with dilute sulphuric acid, at ambient 
temperature, also in regions where fresh water is either not 
available or costy, without affecting the ore leaching 
mechanism or the subsequent treatment of the produced leach 
liquor (pregnant solution). 
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In various applications of the method, there were used samples 

of sea water, industrial and municipal effluents in order to 
prepare solutions of dilute sulphuric acid which were used as 
the leaching agents for the extraction of nickel and cobalt 
from nickel and cobalt oxide ores by heap leaching at ambient 
temperature and the leachability of such ores by heap leaching 
was fully studied. 
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